Background {#Sec1}
==========

A series of unexplained pneumonia cases were reported in Wuhan, Hubei Province, China in December 2019, and the clinical manifestations were very similar to viral pneumonia. A new coronavirus was identified and named Coronavirus disease 2019 (COVID-19) after sequencing analyses of samples from patients' respiratory tracts. Common symptoms are fever, cough, myalgia, and/or fatigue. All patients had pneumonia, and chest computed tomography (CT) scans showed abnormalities. Complications include acute respiratory distress syndrome (ARDS), acute cardiac injury, and secondary infection \[[@CR1], [@CR2]\]. Here, we describe a case of COVID-19 complicated with fulminant myocarditis.

Case report {#Sec2}
===========

A 63-year-old male was admitted to the hospital due to the expectoration of white sticky sputum, a fever of 39.3 ℃, and shortness of breath and chest tightness after activity. He had no history of heart disease or hypertension. He had allergic cough for 5 years and a previous smoking history. He had a recent history of travel to Hubei Province, China.

Blood gas analysis after admission showed a pH of 7.049, PCO~2~ of 76.4 mmHg, PO~2~ of 66.2 mmHg, and SaO~2~ at 91.8%. Nasal and pharyngeal swabs, bronchoalveolar lavage fluid (BALF), and sputum were tested for common respiratory viruses, and the results were all negative. In addition, blood samples showed increased alanine aminotransferase (ALT) (97 U/L) and creatinine (157 μmol/L) combined with hematuria, indicating deranged liver and renal function. Bedside chest radiographs showed typical ground-glass changes indicative of viral pneumonia (Fig. [1](#Fig1){ref-type="fig"}). On the first day of admission, he was genetically confirmed to have COVID-19 according to sputum testing, as shown in Table [1](#Tab1){ref-type="table"}.Fig. 1**a** Bedside chest radiograph on the day of admission; **b**, **c** computerized tomography on the ninth day showing typical ground-glass changes indicative of viral pneumoniaTable 1The cycle threshold of respiratory specimensDay after admissionPharyngeal swabSputumBALF1−22/2−//3//2443022/520//6−//7/29/8−−/933//1031//11//271227/2413//27

Markers of myocardial injury included elevated troponin I (Trop I) (11.37 g/L), myoglobin (Myo) (390.97 ng/mL), and n-terminal brain natriuretic peptide (NTBNP) (22,600 pg/mL) (Fig. [2](#Fig2){ref-type="fig"}). An electrocardiogram showed sinus tachycardia and no ST-segment elevation (Fig. [3](#Fig3){ref-type="fig"}). Bedside echocardiography showed an enlarged left ventricle (61 mm), diffuse myocardial dyskinesia along with a low left ventricular ejection fraction (LVEF) (32%), pulmonary hypertension (44 mmHg), and no decrease in right cardiac function (Figs. [4](#Fig4){ref-type="fig"}, [5](#Fig5){ref-type="fig"}). No pericardial effusion was observed.Fig. 2The line chart of the markers of myocardial injury. *Trop I* troponin I, *MYO* myoglobin, *NTBNP* n-terminal brain natriuretic peptide. Trop I and NTBNP decreased gradually, while no significant decrease in MYO was observedFig. 3The electrocardiogram showing sinus tachycardia and no ST-segment elevationFig. 4The echocardiographic left ventricular M-mode images on the first day, 10th day, and 17th day after admission. **a** The left ventricular diameter was enlarged, and the ejection fraction was decreased on first day of admission; **b** this figure shows edema of left ventricular wall and improvement of LVEF. **c** The last bedside echocardiography examination showing a normal LVEF and wall thickness. *LVEF* left ventricular ejection fractionFig. 5Line chart of the echocardiography measurements. **a** The patients showed thickened IVSd and enlarged LVDd during treatment. TAPSE showed a sudden decline on the 29th day, suggesting impaired right cardiac function. The IVSd gradually thickened to a maximum thickness of 14 mm. **b** A LVEF decrease appeared early during hospitalization and gradually returned to normal after treatment. **c** The PASP gradually increased as the disease progressed; however, a sudden drop in pulmonary artery pressure occurred on the 26th day. *LVDd* left ventricular end-diastolic diameter, *IVSd* interventricular septum dimension, *TAPSE* tricuspid annular plane systolic excursion, *LVEF* left ventricular ejection fraction, *PASP* pulmonary artery systolic pressure

The diagnosis was considered severe pneumonia, ARDS, fulminant myocarditis, and multiple organ dysfunction syndrome (MODS). The treatment regimen was ventilatory support, high-flow oxygen, lopinavir--ritonavir antiviral therapy, interferon α-1b, methylprednisolone, immunoglobulin, piperacillin--tazobactam, and continuous renal replacement therapy (CRRT). Notably, 11 days after admission, the patient's lung lesions continued to progress, and the ventilator was unable to maintain oxygen saturation. The ventricular septum thickened to 14 mm, and interleukin-6 (IL-6) increased to 272.40 pg/mL. Therefore, extracorporeal membrane oxygenation (ECMO) was used to reduce the cardiopulmonary burden. The rotating speed of ECMO was 3500 rpm, the blood flow rate was 4.30 L/min, the air-flow rate was 4.00 L/min, and FiO~2~ was 100%. At one time, the patient\'s condition improved. A blood test 3 days later revealed that Trop I was reduced to 0.10 g/L, NTBNP was 750 pg/mL, and IL-6 was 7.63 pg/mL. After treatment, the LVEF of the patient gradually recovered to 68%, the left ventricle and wall thickness returned to within their normal ranges, and the bedside chest film suggested that the lesion had decreased. However, infection-related markers increased gradually from the 26th day, and vasoactive drugs were needed to maintain blood pressure. Candida, human α-herpesvirus, and β-herpesvirus were detected in BALF on the 29th day, and blood culture was positive for *Bacteroides ovalus*, indicating the aggravation of secondary infection. Pulmonary artery systolic pressure (PASP) and tricuspid annular plane systolic excursion (TAPSE) showed sudden declines on the 26th and 29th days, suggesting impaired right cardiac function. After consultation with the expert group, anti-infection treatment was strengthened, but the effect was not good. Septic shock and disseminated intravascular coagulation (DIC) gradually developed, and ecchymosis was widely observed in the skin. The patient died on the 33rd day of hospitalization.

Discussion {#Sec3}
==========

Recently published COVID-19 studies have shown that cardiac complications, including heart failure, arrhythmia and myocardial infarction, are not uncommon, and the proportion of people with increased Trop I in severe cases is higher than other cases \[[@CR3], [@CR4]\]. However, to date, there is no case report that clearly suggests that COVID-19 can cause fulminant myocarditis. Fulminant myocarditis is mainly caused by a variety of viral infections and is characterized by the rapid occurrence of cardiogenic shock. In this case, the patient had the following features: sudden onset, obvious symptoms of viral infection, rapid emergence of severe hemodynamic disorders, severe myocardial injury, and diffuse decreased ventricular wall movement. The above features are all in accordance with the diagnostic criteria of fulminant myocarditis \[[@CR5]\]. This patient's PASP gradually increased, suggesting that the pulmonary lesions were gradually aggravated. PASP and TAPSE suddenly decreased several days before death; this was considered to be related to functional decline in the right heart caused by sustained overload.

Clinical observation of 419 cases of COVID-19 in this hospital revealed that 32 (8%) cases presented with elevated Trop I, including 8 (17%) cases of severe pneumonia and 3 (21%) cases of critical pneumonia. Echocardiography was performed in patients with abnormal myocardial injury markers, and only two patients were found to have reduced LVEFs and were diagnosed with fulminant myocarditis. Studies have confirmed that coronavirus infection can cause myocarditis and even congestive heart failure \[[@CR6]\]. Other respiratory viruses have also been found to cause heart damage and coronary heart disease \[[@CR7]\], and in this study, more than half of the patients who died had elevated Trop I during hospitalization. It has been reported that some severe acute respiratory syndrome (SARS) and Middle Eastern respiratory syndrome (MERS) patients have temporarily abnormal myocardial enzymes and may develop acute myocarditis and acute-onset heart failure \[[@CR8], [@CR9]\]. In this case, the patient had no history of heart disease; therefore, the decreased cardiac function was likely to be caused by COVID-19.

Pathological changes in heart tissue may be directly due to virus replication in the myocardium or indirectly due to systemic responses to respiratory failure or a harmful immune responses caused by viral infection. In COVID-19 autopsy studies, mononuclear inflammatory infiltration in the heart tissue, but no clear viral inclusion body was observed \[[@CR10]\]. The rapid recovery of cardiac structure and function without significant decrease or even slight increase in viral load suggests that apart from viral replication in the myocardium, it is possible that immune response/cytokine storms may also play a significant role \[[@CR11], [@CR12]\]. The patient in this case had significantly elevated IL-6, suggesting the presence of a cytokine storms. Cytokine storms may lead to increased vascular wall permeability and myocardial edema, which may explain the thickening of the interventricular septum in this patient. In addition, hypoxia can lead to early and substantial inflammatory responses and cell damage, which may cause rapid and considerable damage to the heart \[[@CR13]\]. CRRT and ECMO remove some of the cytokines from the blood and increase blood oxygen saturation, reducing the excessive immune response of cytokines in the body and further reducing myocardial damage. Furthermore, a study showed that complete atrioventricular block, ventricular tachycardia, and fibrillation are risk factors for in-hospital death in fulminant myocarditis patients \[[@CR14]\]. The absence of such electrocardiogram anomalies in this case may have contributed to the rapid improvement in the patient's heart condition, and the prognosis of this patient may have been better if secondary infection could have been controlled.

Conclusion {#Sec4}
==========

COVID-19 patients may develop severe cardiac complications such as myocarditis and heart failure. This is the first report of COVID-19 complicated with fulminant myocarditis. The lessons learned from this case are as follows: first, the heart is a secondary target organ after the lungs. It cannot only present with abnormalities in markers of myocardial injury, but also structural and functional damage. Second, immune-related injury may be the main mechanism of myocardial injury associated with viral infection. Third, the sudden decline in PASP and TAPSE may indicate that the course of disease is entering the late stage. The important question of whether COVID-19 can cause direct cardiac pathology requires further study.
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